INTRODUCTION
Radical nephroureterectomy with bladder cuff resection is the standard treatment for patients with transitional cell carcinoma of the upper urinary tract (UUT-TCC). Even after this radical procedure (1, 2) , however, UUT-TCC shows high rates of local recurrence and systemic disease, with lymph nodes as the major site of metastases (3) (4) (5) .
In bladder cancer, extended lymphadenectomy improves both staging and prognosis (6) (7) (8) . The role of lymphadenectomy in the surgical treatment of UUT-TCC is more difficult to establish, because the disease is relatively rare. Several recent studies have suggested a possibly curative effect of lymph node dissection in the treatment of patients with infiltrative UUT-TCC (9) (10) (11) (12) (13) .
Nonetheless, lymphadenectomy is not used routinely, for either therapy or staging, especially in clinically N0 UUT-TCC. In this study, we investigated the clinical significance of lymph node dissection (LND) in patients with cN0 muscle-invasive UUT-TCC who underwent nephroureterectomy.
MATERIALS AND METHODS

Study population
We reviewed the medical records of patients with muscleinvasive UUT-TCC who underwent open nephroureterectomy in a single institution between January 1986 and December 2005. Patients with distant metastasis at diagnosis, unresectable lesions, and concomitant invasive bladder cancer were excluded. Patients in whom lymph node involvement was suspected on preoperative imaging studies or operative findings were also excluded. A total of 152 patients were eligible for this study, including 103 male patients (67.8%), and 49 female patients (32.2%). The median age was 65 yr (range, 25 to 86 yr), and the median follow-up duration was 53 months (range, 6 to 214 months) ( Table 1) .
Treatments and follow-ups
All patients had undergone nephroureterectomy with bladder cuff excision. Regional LND and its extent were determined at the surgeon's discretion, because the role of LND is
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not yet established, especially in UUT-TCC patients without evidence of lymph node involvement. The indication for adjuvant chemotherapy was disease infiltrating the surrounding adipose tissue, or histological confirmation of lymph node involvement. The final decision on chemotherapy, however, was based on a combination of factors, including coexisting conditions, and the patient's ability and willingness to comply. Patient follow-up was relatively uniform and included surveillance cystoscopy, urinary cytology, abdomen-pelvis computed tomography (CT), whole body bone scan, and chest radiography, performed at 3-month intervals for the first 2 yr, at 6-month intervals for the subsequent 3 yr, and annually thereafter.
Study methods
Clinical information was obtained by a retrospective review of all relevant medical records. Locoregional recurrence (LR) was defined as ipsilateral pelvic lymph node enlargement, or iliac fossa tumor recurrence in lower ureteral tumors, and para-aortic, paracaval, aortocaval, renal hilar lymph node enlargement, or renal fossa tumor recurrence in renal pelvic or upper 2/3 ureteral tumors. A lymph node of 1 cm or more, based on an abdomen-pelvis CT scan, was considered a metastasized node. Disease recurrence (DR) was defined as distant metastasis and/or LR. The T-stage and tumor grade of each tumor were determined according to the 2002 American Joint Committee on Cancer (AJCC) TNM staging system and the 1998 World Health Organization/International Society of Urologic Pathologists (WHO/ISUP) classification of papillary urothelial neoplasia (14, 15) .
We investigated the difference in LR and DR according to the number of lymph nodes harvested, using the chi-square test and linear-by-linear association. To evaluate the impact of various clinical and pathological features on LR, DR, and disease-specific survival, we used the Kaplan-Meier methods and log-rank test. The multivariate Cox proportional hazards model was used for multivariate survival analyses. Calculations were performed with the Statistical Package for Social Sciences (SPSS) for Windows, version 12.0, and a two-tailed P value of less than 0.05 was considered to be significant. Table 2 ).
RESULTS
Sixty-three patients (41.4%) underwent LND, with a medi-
In the survival analysis, T stage had a significant influence on LR-free (P=0.0002), DR-free survival (P=0.0002), and disease-specific survival (P=0.0009), but tumor location, size, multiplicity, grade, and adjuvant chemotherapy did not affect LR-free, DR-free, or disease-specific survival (P>0.05) ( Table  3 ). The N stage (P=0.0251) and LND (P=0.0073) had a significant influence on LR-free survival, but not on DR-free and disease-specific survival (P>0.05) ( Table 3) . Multivariate Cox proportional hazards models revealed that N stage (P=0.041) and LND (P=0.012) were independently related to LR-free survival (Table 4) . Although patients who did not undergo LND had a higher probability of LR than those who did, there was no difference in LR-free, DR-free, and diseasespecific survival curves according to the number of lymph nodes harvested (0<n<6 vs. n≥6) (Fig. 1) . Patients with pNx tumors showed a poorer LR-free survival curve than those with pN0 tumors (P=0.0074, Fig. 1) ; however, there was no difference between these two tumor types in the DR-free or disease-specific survival curves (P>0.05).
DISCUSSION
Regional lymphadenectomy is widely accepted in the management of bladder cancer, because extended lymphadenectomy improves staging and prognosis (6) (7) (8) . In UUT-TCC, the role of LND is less clear. Although UUT-TCC is histologically similar to bladder cancer, and LND improves staging, data do not yet support a therapeutic benefit from this RFS, recurrence-free survival rate; DSS, disease-specific survival rate. procedure, and the variability in the lymphatic drainage precludes a standard template for LND. Urologists tend to omit lymphadenectomy at the time of nephroureterectomy if no evidence is found for lymph node involvement by surgical or radiological evaluation. Our study shows, however, that approximately 15% of patients with cN0 muscle-invasive UUT-TCC experience LR. Komatsu et al. first suggested a therapeutic benefit for lymphadenectomy based on two long-term survivors with lymph node metastases, one of whom received adjuvant chemotherapy and one who did not (10). Park et al. reported a more favorable outcome for patients with UUT-TCC treated with lymphadenectomy, as compared with previous studies, and suggested that this surgical procedure had specifically increased survival (16) . However, the therapeutic effect of routine lymphadenectomy for patients with UUT-TCC has not been specifically evaluated.
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Although not yet confirmed prospectively, two recent retrospective studies support the therapeutic use of lymphadenectomy, in conjunction with nephroureterectomy, for UUT-TCC. Brausi et al. maintained that retroperitoneal LND (with five or more lymph nodes removed) and T-stage independently influence prognosis. A Japanese study showed that patients who underwent complete lymphadenectomy (with a median of seven lymph nodes removed) had a better prognosis than those who did not, especially among patients with advanced disease (≥pT3) (11) . However, our study demonstrated that an increased number of lymph nodes harvested was associated with the reduction of LR, and that LND had a significant influence on LR-free survival, but not on DR-free and disease-specific survival. This is because distant metastasis usually coincides with locoregional spread in UUT-TCC. Miyake et al. showed that lymphadenectomy improves prognosis in patients with no lymph vessel invasion, but not in those with lymph vessel invasion (12) . They concluded that patients with lymph vessel invasion have systemic disease, and that these patients should receive aggressive systemic adjuvant therapies rather than regional lymphadenectomy. These observations are consistent, in part, with ours.
Kondo et al. showed that the primary site of lymph node metastasis depends on the primary tumor location and lateral orientation (17) . Although this study does not provide a welldefined template for LND that may be generally applied, it does take a significant step toward determining the optimal extent of lymphadenectomy. They recommend that radical lymphadenectomy for right renal pelvic and ureteral tumors should extend to the posterior aspect of the inferior vena cava by transection of the lumbar veins. When the tumors are located at the upper and middle ureter, the dissection should extend further, to the inter-aortocaval nodes. In contrast, lymphadenectomy for tumors of the left renal pelvis and upper twothirds of the left ureter should extend only to the renal hilum and para-aortic nodes. Clearly, either a hilar or a limited LND will not remove all of the primary lymphatic drainage area of the kidneys or ureters.
It is well known that lymph node involvement is closely associated with T stage and tumor grade (10, 13, 17) . Kondo and his colleagues reported that the incidence of lymphatic involvement varied according to stage and grade, with 0%, 5%, 24%, and 84% of Tis-1, T2, T3, and T4 tumors, and 0%, 11%, and 35% of G1, G2, and G3 tumors, respectively, showing such involvement (17) . Regional lymphadenectomy might be safely omitted in UUT-TCC patients with low-grade or low-stage tumors at preoperative biopsy or imaging evaluation. However, CT or magnetic resonance imaging prior to surgery may not clearly reveal T1 and T2 disease, and sampling error, particularly with larger tumors, may limit the accuracy in grading. Relevant to this are recent studies showing that laparoscopic procedures for radical nephrouterectomy may facilitate patient recovery, with disease control Time to locoregional recurrence (month) (18) (19) (20) . Typically, the use, extent, and pattern of LND in UUT-TCC have been left to the surgeon's discretion, and for this reason, a large number of patients with UUT-TCC has rarely, if ever, received lymphadenectomy in the same clinical setting (13) . From this point of view, prospective randomized studies are needed to define the indications, most effective techniques, and optimal anatomical range for lymphadenectomy.
In conclusion, we found that approximately 15% of patients with cN0 muscle-invasive UUT-TCC who received LND showed lymph node involvement on pathologic examination. Our results suggest that LND can improve the control of locoregional cancer, as well as staging accuracy, but that LND does not clearly influence survival in patients with this disease.
